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I. INTRODUCTION 

T h i s  is tk-e  Seventh Quarterly Report, covering work done during t h e  period 
December 29,  1963 through March 28, 1964 on Cnntract NAS-5-2860. 

- 11. WORK ACCOMPLISHED DURING THE REPORTING PERIOD 

- A. Ion-Exchanqe Membranes 

T h e  presently u s e d  i3n exchange membranes battery separators  a re  character ized 
by a high degree of chemical iner tness ,  Their reactivity is low with a l l  cnmpon- 
en ts  of a lkal ine bat ter ies .  The membranes which have been synthesized under 
t h i s  contract  contain monomers chosen  for their  s tabi l i ty  t a  oxidation, and t h e  
reliabil i ty nf t h i s  es t imate  i s  s e e n  by comparing the i r  res i s tance  t o  a t tack  by 
alkal ine permanganate and t o  dissolved s i lver  oxide, 
i n  general  a r e  marked i n  our screening tests, and a l s o  by a long history of battery 
A LeaLi -c--" l Y n  by ease of oxidation and degradative hydrolysis by the  electrolyte.  
Cel lu los ic  separators  react quantitatively with small amounts of s l iver  oxide 
d isso lved  in  a lkal i .  Our attempts t o  measure diffusion of t h e  si lver complex 
inn through cel lophane and t h e  various sausage  c a s i n g s  w a s  frustrated by t h i s  
reactivity.  Tagged s i lver  i n  complex ion form disappeared from t h e  "hot" s i d e  
of a diffusion cell 
diaphragm), but did not reappear on the other s i d e  of t h e  diaphragm. 
s i lver  w a s  found tn  have concentrated in  t h e  separator. 
were designed t o  b e  oxidation resis tant  did not react  or had a limited capaci ty  
t o  react with oxidants ar,d allowed diffusion of radioactive s i lver  t o  occur, 
Quite  probably, the  reactivity of ~ s l l o p h a r ~ e  c o m b k e d  with its physical  charac- 
t e r i s t i c s  explains  i t s  unique functioning i n  s i lver  z inc and silver-cadmium 
bat te r ies  

Cellophane and ce l lu los ics  

( t h e  two halves  of which were separated by a ce l lu los ic  
Tagged 

Those separators  which 

'The instabi l i ty  of ce l lu lns ics  t g  hydrolysiss and t h e  effect of dissolved and 
g a s e o u s  oxygen on t h e  rate  of hydrolysis LS a l s o  a ser ious limitation t o  long 
l ived bat ter ies .  

A combinatiaq of polyvinyl alcohol,  which h a s  beer. shown t o  undergv oxidative 
degradation in  si lver-zinc bat ter ies  and polymethacrylic ac id ,  which h a s  beer, 
shown t o  be highly inert ,  should provide a separatnr s y s t e m  in which conduc- 
t ivity,  absorption and chemical reactivity c a n  all b e  varied. Hydrolytic 
s tabi l i ty  should not b e  a problem i n  t h i s  se r ies ,  To t h i s  end, ion excha?ge 
separators  were made by polymerizing v a r i x s  mDnnmers within the pores of 
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microporous polyethylene. 
l ene  s h e e t s  in  t h e  monomer and c a t a l y s t  mixture. After soaking, t h e  wet ted 
shee t  w a s  placed between two cellophane f i l m s ,  then  sandwiched between 
glass plates.  
applied for a determined t i m e  interval at a su i tab le  temperature. The first  
membrane made w a s  a copolymer of vinyl acetate and methacrylic acid.  The 
methacrylic ac id  w a s  u s e d  t o  provide ionogenic groups necessary  for good 
conductivity.  Since monomeric vinyl alcohol is nonexistent,  quickly re- 
arranging t o acetaldehyde,  vinyl acetate monomer w a s  polymerized t o  poly- 
vinyl acetate, and  converted by alcoholysis  t o  polyvinyl alcohDl. The first  
m i x  contained: 

The general procedure w a s  t o  soak t h e s e  polyethy- 

The assembly w a s  placed i n  a n  oven and  uniform pressure 

80 pts  
20 p ts  
4 pts  
3 pts  

vinyl acet at e 
methacrylic acid 
divinyl benzene (cross-  linking agent) 
benzoyl peraxide (catalyst)  

The copolymer would have t h e  following repeating unit: 

Membranes (. 004" dry th ickness)  made from t h i s  mix  had a n  electr ical  res i s tance  
of . 0 3 9  R for a n  in$ i n  4070 KOH. 

t o  50 parts methacrylic ac id ,  
more carboxylic groups capable  of ion-exchange a r e  introduced into t h e  polymer. 
This reduced the  electr ical  res i s tance  t o  .025 Rfor a n  in.?. Again t h e  monomer 
rat io  w a s  changed t o  20 parts vinyl ace ta te  t o  80 parts methacrylic ac id ,  the 
cross-linking percentage and ca ta lys t  concentration remaining constant ,  
e lec t r ica l  res i s tance  w a s  now measured at .017 S2for a n  in? in  4070 KOH. Oxida- 
t ion  tests in  a lkal ine permanganate were run on t h e s e  membranes. A s  t h e  
proportion of methacrylic a c i d  w a s  increased,  t h e  weight l o s s  during oxidation 
decreased .  
par ts  methacrylic a c i d  l D s t  3070, Another phase of t h i s  work w a s  t h e  effect 
produced by increased  percentages of divi nyl benzene, t h e  cross-  linking agent.  
A s  t h e  percentage of divinyl benzene w a s  increased,  i n  all cases t h e  electr ical  
r e s i s t a n c e  increased.  Cross-linking reduces membrane expansion and electro- 
ly te  absorption and s o  c rea tes  a higher e lec t r ica l  res is tance.  

Since t h i s  res i s tance  is moderately high, t h e  
" 9 + 7  i u L ; ,  r\ of v i ~ y 1  acetate t o  methacrylic acid was  ad jus ted  t o  50 parts vinyl acetate 

By increasing the perceiitags of methacrylic ac id ,  

The 

The 5 0 1 5 0  membrane los t  4070 while t he  membrane containing 80 

The following 

- 2- 
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t a b l e  shows t h e  change in  electrical res i s tance  c u a s e d  by increasing t h e  
amount of divinyl benzene in  different monomer compositions.  

TABLE I 

Electrical  Resis tance (R for a n  in?) i n  40% KOH 

Divinyl Benzene 3 ., 9% 9.1% 13% 
Monomer Ratio 

1 Vinyl acetate 
4 Methacrylic acid 

1 Vinyl acetate 
1 Methacrylic acid 

. O N  

. 0 2 5  

4 Vinyl acetate 
1 Methacrylic a c i d  

. 0 6 3  .075  

039  .087 . 0 9 5  

Since severa l  of t h e s e  membranes exhibit low electr ical  res i s tance ,  and 
improved res i s tance  t o  oxidat ion, their  abil i ty t o  s top  s i lver  will  b e  tes ted ,  
Another ion-exchange membrane w a s  m a d e  by copolymerizing maleic anhydride 
a n d  methacrylic acid.  These membranes were made in  t h e  same manner as t h e  
vinyl acetate membranes with the  exception that a s m a l l  amount nf dimethyl 
formamide w a s  u s e d  t o  d isso lve  t h e  maleic anhydride. Maleic  anhydride wil l  
not normally homopolymerize, s o  that  varying t h e  monomer ratio will  not affect 
t h e  composition of t h e  resultant copolymer. The monomer ratio u s e d  w a s  1 t o  1. 
m'- 111e - bulll&Juo&Ls ------.-;ti nn " *_  ~f the m i x  was: 

60 pts  maleic anhydride 
25 p t s  dimethyl formamide (solvent) 
51 p ts  methacrylic a c i d  

6 p ts  divinyl benzene (cross-linking agent) 
2 pts  benzoyl peroxide (catalyst)  

The copolymer would have t h e  following repeating unit: 

CH3 
1 
I I I 

- CH2- C CH-  CH - 

0 : C - O H  O z C ,  , C : O  
0 

- 3 -  
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When t h e  copolymer is subjec ted  t o  hydrolysis,  t h e  anhydride ring opens,  
theoret ical ly  forming three success ive  carboxyl groups capable  of spec i f ic  
che la t e  effects, The electr ical  res i s tance  i n  4070 KOH measured .020 R for 
a n  inz0 The concentration of crose-llqking agent  w a s  increased  t o  9.07’0, 
and  then  t o  13e07’~ t o  determine the  effect  on oxidation and  e lec t r ica l  res i s -  
t ance ,  The following t ab le  S~ . !QWS t h e  resul ts  of t h e s e  experiments.  

TABLE I1 

7‘0 Bivinyl Benzene Electrical  Resis tance %wt  loss  in  KMn04 

5* 2 * 0 20 3 3  
9.0 e 042 25 

13.0 079 23 

fi fix- a n  in2 

A s  t h e  degree of crosslinking is increased t h e  r e s i s t ance  is a l s o  increased,  
but t h e  percent weight I G S S  dvrin.g nxidation is decreased.  
degree of crossl inking,  it is poss ib le  t o  produce properties that  approach 
des i red  requirements. 
both sets of ion-exchange membranes is  shown i n  the  following t ab le ,  

By varying t h e  

The effect of crossl inking on e lec t r ica l  r e s i s t ance  in 

TABLE III 

Electrical  Resistance (n ICDI an in2) ir: 407‘0 KOH 

Percent c ross -  1 inking Metl?acrylic ac id  Methacrylic ac id  
Vinyl ace t a t e  (1~1) Maleic  anhydride (1: 1) 

9.0 
13,O 

0 ob3 
~ 075 

- 0 4 %  
, 079  

The methacrylic a c i d  and vinyl a lcnhnl  copolymer membranes and  t h e  maleic 
anhydride-methacrylic acid cqmlymer  membranes wi l l  undergo tes t ing  t o  
determine the i r  sui tabi l i ty  as battery separators 

A n  i on  exchange membrane, prepared by copolymerizing methacrylic ac id  with 
i-propyl acrylamide within t h e  pores of microporous polyethylene has  been 
mentioned i n  our Sixth Quarterly Report (p  6); its tes t ing  h a s  been  completed. 
The e lec t ro ly te  absorption and  retenti an a r e  remarkably high, with va lues  
c l o s e l y  approaching thDse of cellophane (see Table 1V, sample No. 3 2 ) .  

- 4- 
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The e lec t r ica l  res i s t iv i ty  is a l s o  very c lose  t o  - i n  fact, sl ightly below- tha t  
of cel lophane (see Table VI). Furthermore, t h e  swelling va lues  of t h i s  mem- 
brane a re  fairly low. In view of these favorable r e su l t s ,  t h i s  material  wi l l  be  
examined more closely.  

Permion 1000, a carboxyl modified Teflon membrane made commercially by 
Radiation Applications Inc. , w a s  found t o  b e  dimensionally very s t ab le  but 
its electrolyte  absorpt ion and  espec ia l ly  its electrolyte  retention were low. 
Its spec i f ic  res is t ivi ty  w a s  about three times tha t  of cellophane. It is inert  
t,o s i lver  oxides  and no barrier t o  s i lver  diffusion, as  pointed out in  our pre- 
ceding report (pp 4-5). 

B. Urethane Fil.ms 

In t h e  Fifth Quarterly Report, cel lophane w a s  coa ted  with l iquid urethane 
ps!yner t o  improve the  oxidation res i s tance  of t he  film. The oxidation res i s -  
tance showed some improvement, but the  e lec t r ica i  r e s i s t ance  remained high 
(6.5 R for a n  in2). 
rubbery so l id s ,  t h e  possibi l i ty  of making a n  unsupported urethane f i l m ,  f i l led 
with ion-exchange r e s in  t o  improve conductivity,  w a s  investigated.  

S ince  l iquid urethane polymers c a n  b e  cured t o  strong, 

Adiprene "L1l (Dupont) is a liquid urethane elastomer containing 470 i socyanate  
groups by weight. 
by t h e  react ion of t h e  i socyanate  group with polyamine compounds. 
mine compound in t h i s  case w a s  DuPont's MOCA, 4 , 4 '  - methylene - b i s  - 
( 2  - chloroaniline).  
a polycarboxylic ac id  ion-exchange resin (Rohm & H a a s  Co.), was  added. 
a corresponding amount of Adipreiie "L" wzs stirred in. 
w a s  added t o  reduce t h e  v iscos i ty  sufficiently t o  allow cast ing.  
cast on s i l icone  paper,  and  cured a t  100°C for three hours. 
XE-97 t o  Adiprene "L" were used  and the following r e s i s t ance  measurements 
were  t a k e n  i n  40% KOH. 

The elastomer is transformed from a liquid t o  a so l id  material  
The polya- 

The MOCA w a s  d isso lved  in dimethyl formamide and XE-97c 
Then 

More dimethyl formamide 
Films were 

Different ra t ios  of 

The swollen th ickness  of t he  f i lms  w a s  .006 inches .  

Ratio Resis tance (R for a n  in2) 

1 XE-97 
5 IIL" 

1 XE-97 
2 "L" 

1 XE-97 
1 "L" 

4.36 

0 .10  

0.029 

- 5- 
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If t h e  ratio of t h e  XE-97 t o  t h e  Adiprene "L" is increased  t o  2 t o  1, t h e  f i l m  
l o s e s  its res i l ience  and c r a c k s  during cure. The 1 t o  1 f i l m ,  which had a 
res i s tance  of , 029  h2 for a n  in2) los t  28'7'0 by weight during permanganate 
oxidation. Swelling da ta  a n d  a lka l i  res i s tance  remain t o  b e  measured. 

1x1. Cellophane Modifications 

1. Treatment with Tolylene Diisocyanate (TDI) 

Continuing t h e  invest igat ion of t h e  diisocyanate treatment of cel lophane,  w e  
found tha t  a high humidity atmosphere is e s s e n t i a l  t o  complete the  reaction. 
When cel lophane is immersed i n  a di lute  solution of t h e  di isocyanate  and then 
dried immediately in  a n  oven, t h e  cellophane remains c l e a r  and  becomes brit t le,  
it is covered with a coating which adheres  loosely and pee ls  off on prolonged 
soakislg i n  KOH. 
atmosphere,  before any subs tan t ia l  amounts of t h e  solvent c a n  evaporate,  t h e  
cel lophane becomes opaque and  remains flexible e Very l i t t le  opacity develops 
at low humidities even if c a t a l y s t s  (methyl mOrphOline, di-n-butyltin diacetate)  
a r e  added  t o  t h e  TDI solution. 

If, however, t h e  TDI treated sample is exposed t o  a humid 

The choice  of t h e  solvent proved a l s o  t o  have a n  important influence on the  
e f fec t iveness  of t h e  treatment, When the d issocyanate  w a s  d isso lved  in ethyl 
acetate, little if any reaction occurred, even  i n  a high humidity atmosphere. 
A t  f i rs t ,  it w a s  thought that  t h e  low mutual solubili ty of t h e  solvent with water  
w a s  responsible  for t h e  unsatisfactory results.  Acetone w a s ,  therefore,  t r ied 
as t h e  solvent  for t h e  diisocyanate;  however, t h e  result  w a s  no better. It 
appears  tha t  low boiling so:vents ~ u s t  be avoided b e c a u s e  they evaporate too  
fast t o  permit penetration of t h e  water  vapor into t h e  di isocyanate  layer. si- 
methyl formamide (b.p. 152-154OC) h a s  SO fa r  proved t h e  best solvent for t h i s  
purpose . 
In  preparing more samples ,  it w a s  found that  light depos i t s  are preferable t o  
heavier  ones.  
res i s t iv i ty  is appreciably increased  by heavy deposi ts .  
b e d  in  t h e  Fifth Quarterly Report (p 7) w a s  therefore amended, as follows: 

Heavier coat ings have a tendency t o  peel  off and t h e  electr ical  
The procedure descri- 

1. The preliminary drying w a s  found t o  b e  unnecessary i f  t h e  moisture 
content  of t h e  cel lophane w a s  not more than  5 -  6'7'0. 

2, The cel lophane w a s  immersed in a 5'7'0 di isocyanate  solution i n  DMF 
(reduced from t h e  original 1070). 

- 6- 
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3 .  The impregnated samples  were quickly transferred t o  a high humidity 
oven, maintained at approximately 38OC and 90 - 100($0 RH. 
minutes umder t h e s e  conditions were sufficient t o  complete t h e  reaction. 

Two 

Electrical  res i s tance  vahes  of t rea ted  samples were measured after 24 hours 
immersion in  31% KOH: 

Sample Observed Value Resis tance Spec. res is t ivi ty  
Ro (ohms) R1 (ohms- sq  i n . )  (ohms - c m )  

a D 105 
b .212 
C e 105 

Average 141 
Blank - 0 6 2  

e 016 
.032 
.016 
. 0 21 
009 

12.6 
25.4 
12 .6  
16.9 
8 - 4 5  

N o  iiieasureable differences were found in  th ickness ,  either before 3r after 
soaking i n  KOH. Variations i n  degree of opaqueness  were observed on t h e  
dry samples.  
variable res in  pick-ups. 
controlling t h e  amount of pick-up. 
t inuing 

The differences i n  resist ivity appear ,  therefore, t o  b e  due t o  

Efforts t o  improve t h i s  control a r e  con- 
This observation points t o  t h e  importance of c lose ly  

The cel lophane u s e d  in  t h e s e  experiments w a s  t h e  glycerine - f ree  product 
which is generally used  i n  bat ter ies ,  Samples of t h e  more common, glycerine 
containing cel lophane were a l s o  t reated with TDI. 
Glycerine would t a k e  part i n  the  isocyanate  reaction and  thereby contribute t o  
t h e  strengthening of t h e  structure. 
t rea ted  cel lophane PUD 600 w a s  determined by water extraction, followed by 
c e r a t e  t i tration, with t h e  following results:  

It w a s  hoped that  th.e 

T h e  glycerirse c m t e n t  i n  untreated a n d  TDL 

Un.t r e at e d  15.1% glycerol 
TDI t rea ted  11 670 glycerol 

These resu l t s  indicate  that  t h e  TDI has  indeed reacted with some of t h e  glycerol 
but t o o  much of t h e  glycerol remains unreacted for u s e  of t h e  modified cel lophane 
i n  a battery.  

C e l l  tests with TDI t reated cellophane (glycerol - free) have been ini t ia ted t o  
obtain some preliminary information on t h e  effects of t h e  treatment on battery 
o perat i Q n 

-7- 
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2. Gelatirdzed Cellophane 

It is a generally accepted  theory that  t h e  electrolyte permeability of cellophane 
and  hence r'ls low e lec t r ica l  res is t ivi ty  are due t o  its porous structure. On t h e  
other h m d ,  at, least s g m e  of the  pores are large enough t o  allow t h e  passage  
not only of electrolyte hut a l s o  of dissolved zinc ions.  
desirable  t 7 reduce t h e  permeability t o  larger ions without, however, impeding 
t h e  transport of e lec tmlyte  through the  membrane, 

It seemed therefore 

A somewhat similar problem w a s  found t o  ex is t  i n  t h e  f ie ld  of water desalination. 
A report from the Monsant? Boston Laboratories t o  t h e  office of Saline Wafer ,  
U. S o  Department of t h e  Interior (1) s ta tes  tha t  cel lophane w a s  unsuited as a 
membrape fw- desalination by the  reverse osmotic process;  although high water  
t ransmiss ians  were obtained, t h e  complete lack  of salt rejection prevented its 
use .  However, by treating cellophane w i t h  various salt solutions (ZnC12, A12 
( a u g ~ 3  ~ 1 u J w q g ~  Ydnrsanto s w c e e d e d  i n  gelatir.izing t h e  surface of the  cello- 
phane, i,e. in  closing t h e  micropores at t h e  surface.  As a result ,  high degrees  
of s a l t  rejection were obtained while maintaining t h e  good water transmission. 

1 - r : r * i n  1 

W e  tr ied t o  apply t h i s  principle t o  t h e  preparation of perm-selective cellophane. 
Of t h e  three salts mentioned i n  the  Monsanto report, only ZnClz and  A12 (S04)3 
were used; lithium perchlorate w a s  eliminated b e c a u s e  of t h e  danger inherent 
i n  t h e  oxidative capaci ty  of a n y  residm.1 percblnrate. 

Samples of cel lophane PUDO-300 were soaked one hour i n  a 20% solution of 
A12 (S04)3 
After a few hours soaking i n  3170 KOH it disintegrated.  The s i lver  reaction 
ra te  of t h e  t reated sample w a s  derermir id  {see bc!ow) h ~ l f  other tests were 
omitted b e c a u s e  it w a s  obvious that th:s ma te r i a l  could not b e  used  as a 
separator  material. The sample which had been t rea ted  with zinc chloride 
appeared f a r  more promising. Cellophane PUBO-300 w a s  soaked in a 2070 
ZnClz solution (1 hour at room temperature). After washing and  drying, t h e  
f i l m  w a s  somewhat wrinkled but it had retained its flexibil i ty.  Tables VII, 
VI11 a n d  IX show t h e  effect of prolonged immersion of t h e  ZnClz treated f i l m  
(Sample No. 29), with t h e  corresp3nding va lues  for untreated cellophane 
(Sample No. 1). It is qui te  ubvious that t h e  treatment h a s  sharply reduced 
t h e  degree D S  swelling. Electrolyte absorption and retention va lues  are re- 
duced by t h e  treatment but they  remain fairly high (see Table IV). T h e  wet- 
tabi l i ty  h a s  remained virtually unaffected by t h e  treatment,  as demonstrated 
by t h e  e lec t r ica l  res i s tance  vallaes after different soaking t i m e s  (Table 

washed  and dried. The  t reated cel lophane proved very brittle. 
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The electr ical  res is t ivi ty  is, i f  anything, slightly improved by t h e  treatment 
(see Table 
effect on t h e  electrolyte permeability of t h e  cellophane. 

It appears  therefore tha t  the ZnClt treatment h a s  had no adverse  

The quest ion remains whether t h e  treatment h a s  resulted i n  a reduction of t h e  
ce l lophane ' s  permeability t o  z inc ions.  We have started a systematic  study 
of z inc dendrite growth, de ta i l s  of which are recorded elsewhere in  t h i s  report. 
It is our intention t o  include t h e  ZnClt t reated cel lophane i n  that investigation 
t o  find nut whether t h e  treatment h a s  indeed produced t h e  desired resul t .  

3 Treatment with Antioxidants 

To complete t h e  work descr ibed in  t h e  Sixth Quarterly Report, hydroquinone 
t rea ted  cel lophane w a s  subjected t o  t h e  usual  screening tests. 
shown ir, t h e  appended t a b l e s  QIV through M) indicate  tha t  t h e  treatment h a s  
na marked effect on either t h e  mechanical or rhe electr ical  properties of cello- 
phane. 

The resu l t s ,  

4. Silver Treated Cellophane 

Two samples  of s i lver  t reated cellophane, C -  19 - 300 and C -  19 - 600, were 
received from NASA - Goddard and  were subjected t o  our screening tests. The 
r e s u l t s  are l i s ted  i n  t h e  appended tab les  I V  through E. They a r e  in  good agree- 
ment with t h e  va lues  for  the corresponding untreated cel lophanes (compare Nos. 
31 with 1 and  3 2  with 2). Only t h e  swelling va lues  were generally substant ia l ly  
!swer for t he  Aq t rea ted  samples  than  for t h e  untreated samples.  

IV. Dip Coating 

Wrapping of e lectrodes with f i l m s  which tend t o  break or c rack  often presents  
a problem; s m a l l  c racks  may g o  unnoticed but wil l  quickly c a u s e  shorting i n  a 
battery,  Forming permanently a t tached separatnr  envelopes on t h e  electrodes 
appeared  t o  offer a n  at t ract ive possibil i ty for avoiding t h i s  danger, 
s u c h  membranes, it is only necessary t o  dip a n  elec'.rode in  a f i l m  forming 
mater ia l  i n  a liquid form, e , g ,  a solution, dispersion or emulsion, a n d  convert 
it in to  a sol id  membrane. 

To form 

A carboxy modified latex w a s  chosen  because  t h e  carboxyl group makes it 
p o s s i b l e  t o  ut i l ize  cross-linking through these groups in  place of, or ic addi- 
t i o n  t o ,  t h e  conventional sulfur cwe. Vulcanization c a n  b e  effected at lower 
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t e m p e r a t u e s  a n d  a fully cured vulcanizate should have improved oxidation 
res i s tance  b e c a u s e  of th.e higher crosslink density.  

Good-rite 2570 x 5, a carboxylated butadiene-styre3e copolymer latex of 
40,970 so l ids  content,  made by B. F. Goadrich2, w a s  used. Sulfur, z inc 
oxide and  accelerators  were added t o  cure t h e  polymer. A typical  formulation 
follnws: 

Good-rite Latex 2570 x 5 40.9 10 0 244.5 g 
Zinc oxide 59.3 5 8 , 4 g  
Sulfur 66,7 2 3.0 g 
Se ts i t  # 9 QacceIer,) 50 2 4.0 g 
A n t i f n a m  B 35 0.44 1 .25g  

109.44 261 25 

Zinc p la tes  were f i rs t  dipped ir?  a coagulant bath (a solution of calcium nitrate 
i n  methanol), air-dried and then  immersed i n  the compounded latex; after 3 
minutes, they were withdrawn from t h e  bath at a controlled rate  (7.5 in ,  per 
minute) a n d  dipped immediately, without prior drying, i n  hot but not boiling 
water,  The purpose of t h i s  p r x e d i x e  w a s  t o  obtain t h e  required porosity by 
preventing t h e  e s c a p e  of t h e  c m t a f n e d  water from t h e  uncured f i l m .  "The cure 
w a s  complete af ter  2 hours at 95" t o  98OC. Adhesion of t h e  f i l m s  t o  t h e  plate  
w a s  poor and  t h e  f i l m s  tended t @  spl i t  alnng t h e  edges,  This condition w a s  
impmved by preheating t h e  dipped f i l m  for 15 t o  30 minutes in  water  at 55°C 
before rais ing t h e  water  aempeiaiure t o  95°C- Howevero it became c l e a r  that  
t h e  porosity w a s  fa r  tor, low when t k e  electrical res i s tance ,  after 24 hQurs h i  

4070 KOM, w a s  measured; t h e  lowest valtae w a s  73 .5  ohms - sq in. Attempts 
t o  i n c r e a s e  t h e  pnrosity by dillatinn of t h e  latex failed because  t h e  result ing 
f i l m s  were  too  weak and  cracked,  even wh.en t h e  v i scos i ty  of t h e  dipping bath 
w a s  r a i s e d  by t h e  addit n of thickeners ( A l c ~ g u m  N-lo, Carbopol 941)- Nor 
did subst i tut ion of an inheretztly s t r m q e r  polymer - neoprene ( in  t h e  form af 
neoprene latex No, 571) - fnr 25% of the GDQd-.ritE: latex help; t h e  cure  t i m e  
w a s  lengthened withcmt adequate  stre3gthering of t h e  film. 

S ince  it had become obvious t h a t  water retention befme cure could nct b e  relied 
on t o  produce t h e  reqcired pornsity, other means were tried. 
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a) Starch: A latex m i x  of t he  above mentioned composition was  diluted 
200 g of a 5070 aqueous  dispers ion of corn by the  addition of 100 m l  water, 

s tarch were added,  
The cured f i l m s  were leached  two hours with hot di lute  HC1 but t he  e lec t r ica l  
res i s tance  was  extremely high (2890 ohms - sq in.) .  Apparently the  s tarch 
which had been  deposi ted from t h e  dispersion i n  latex could not b e  removed 
by the  usual  treatment with HC1 b e c a u s e  the par t ic les  were encapsula ted  by 
a f i l m  of elastomer,  

The plates  were dipped, dried and t h e  deposi ts  cured. 

b) Calcium carbonate: The s tarch was replaced by an aqueous  dispersion 
of Lesamite (a fine particle s i z e  CaC03).  Removal of the  C a C 0 3  from the  
cured f i l m  w a s  attempted, The expec ted  COz evolution did occur momentarily 
but s topped within a few seconds  - apparently again because  of encapsulation 
of t h e  f i l ler  par t ic les  by the  elastomer. Addition of bromine water  t o  t h e  hy- 
drochloric ac id  produced a sustained reaction but it resul ted in rapid degrada- 
t ion of t h e  rubber. 

c) Colloidal Silica: DuPont's Ludox HS, containing 3070 SiOz w a s  added 
t o  the  above latex compound (s tab i l ized  with 2 g morpholine), at a ratio of 30 
par ts  SiOz per 100 parts elastomer,  Stability troubles were encountered and 
the  v iscos i ty  rose  gradually. The mixture w a s  not su i ted  for dipping. Smooth 
f i l m s  could  be prepared by spreading, drying and  curing (10 min at 14OOC); the 
f i l m s  were wrapped around zinc p la tes  and t e s t e d  in a cell; current p a s s e d  
through ini t ia l ly  but dropped off rapidly. The explanation w a s  found i n  t h e  
precipitation of t he  SiOz by the  KOH, presumably i n  the  form of non-hydrated 
silica ge l .  

d) Sugar: The latex compound tolerated t h e  addition u i  siibstnntia! ;rrr!aimts 
of sugar but t he  sugar  did not co-precipitate with the  elastomer and a non-porous 
f i lm  resul ted,  

Further work with the  dipping process  w a s  abandoned as holding no promise of 
s ucce  s s . 

V, Growth of Zinc Dendrites 

An invest igat ion of the  growth rate  of zinc dendrites w a s  init iated.  The primary 
purpose of t h i s  study is t o  find means for measuring t h e  abil i ty of various sepa- 
rator mater ia ls  t o  r e s i s t  penetration by t h e  growing dendrite. Once the  method 
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h a s  been  es tab l i shed  it might a l s o  become possible  t o  develop modified 
material s with improved dendrite re sishance . 
A search  of t h e  l i terature has  produced l i t t le information on t h e  subject.  
Higgins, (2)  sn a study sponsored by a division of t h i s  company, h a s  inves- 
t iga ted  t h e  growth ra te  3f z inc dendrites as a function of electrode composition, 
of z inc solcbil i ty in  t h e  electrolyte,  of various electrolyte addi t ives ,  a n d  of 
current density;  but h i s  work did not include t h e  effects of dendrites on various 
membralae materials,  A Soviet publicatinn, by T. A. Kryukova (3) ,  d e a l s  speci-  
f ical ly  with t h e  effects of dendrites on separator materials. Mme. Kryukova 
u s e d  both unmodified and  modified poly (vinyl alcohol) a n d  ce l lu los ic  membranes 
and  repmts  striking improvements for her modified materials,  especial ly  for 
modified, regenerated ce l lu lose  e However, s h e  d o e s  not indicate  t h e  nature 
of t h i s  madification (beyond t h e  terse statement tha t  "solutions" were used).  
It wil! therefore b e  necessary  t o  study first t h e  effects of dendrites o n  exis t ing 
materials a n d  examine a possibly quite broad range of modifications i n  a second 
phase.  

The cell u s e d  i n  our invest igat lan i s  shnwn i n  Photographs 1, 2 and 3 .  
container  is machined from Plexiglass;  its overall dimensions are: height 2-1/2 
in ,  T h e  negative electrode is formed by a 
zinc rod, l /Z in. diameter, f i t ted in one wal l  of t h e  cell. The posit ive e l e c -  
trode is a n  expanded zinc grid (50% porosity); it I S  posit ioned In a cut-out of 
t h e  opposite cell wall. 
in. thick,  with a round collimator hole, 1/2 in. diameter, in  t h e  center.  
purpose is t o  ensure parallel  paths for the current, 

The 

length 2-;/4 in. I width 15/16 in. 

Between t h e  two electrodes is a Plexiglass  plate ,  1/4 
Its 

In assembling t h e  cell, t h e  separator  under test is piaced nsxt t o  t h e  negati.de 
plate. A flat platinum wire gauzeo  approximately 0.005 in. thick 1 by 1 i n .  
with a platinum lead  wire is placed against t h e  separator; it se rves  as  a refer- 
e n c e  electrode, A sui tably cut-out Teflon s h e e t ,  0.010 in.  thick,  is u s e d  as  
a s p a c e r  t o  protect t h e  platinum gauze and the  separator  when t h e  cell IS 
clamped together. 

The separator  material t o  b e  t e s t e d  is cu t  t o  t h e  outside dimensiosls of t h e  cell 
(2-112 by 2-1/4 i n . )  aEd small squares  (approximately 3/8 by 3/8 in.) a r e  then 
c u t  out t o  provide mom fix- t h e  clamping screws;  t h e  separators a re  s m k e d  24 
hours i n  t h e  electrolyte before being tes ted ,  
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The electrolyte is made by dissolving 100 g KOH pel le ts  (86.670 KOH content) 
a n d  8 g ZnO i n  100 g water.  The assembled  cell, with one layer  of t h e  separator 
in  place,  is f i l led t o  within 114 in. of t h e  top with th i s  electrolyte.  The c e l l  
is then cnnnected and  current is allowed t o  flow through the  cell. Changes  in  
voltage a re  automatically recorded (by a Speedomax, Model G,  Voltage Recorder, 
manufactured by Leeds & Northrup). A sharp drop in voltage ind ica tes  penetra- 
t ion  of t h e  separator by dendrite. 
drop is taken  as a measure of t h e  separator 's  abi l i ty  t o  r e s i s t  dendrite penetra- 
t ion.  
t o  find t h e  current densi ty  that  will result  in t h e  shortest ,  reproducible pene- 
tration t i m e s  for any given material. 

The time necessary  t o  produce t h e  vol tage 

This t i m e  depends of course on t h e  current densi ty  and t h e  f i rs t  a i m  is 

This test is expected t o  show differences in t h e  res i s tance  of individual sepa- 
rator materials t o  penetration by dendrites. It should a l s o  make it poss ib le  t o  
evaluate  the effects of different treatments on t h e  ability of cel lophane t o  res i s t  
dendrite penetration. 

The ra te  at which penetration occurs depends on t h e  current densi ty .  A t  low 
current d e n s i t i e s ,  the zinc is deposi ted in  a spongy form. 
soft t o  penetrate t h e  membrane. In t e s t s  at a current densi ty  of 3 amp/cm2, no 
penetration w a s  regis tered in 72 hours. A t  high current d e n s i t i e s ,  on th.e other 
hand, a n  increasing proportion of t h e  current is consumed in gas evolution, t h e  
plating eff ic iency drops and t h e  growth rate is no l m g e r  determined by the  cur- 
rent densi ty .  Typical resu l t s  t obtained on cel lophane follow. 

This sponge is t o o  

Current densi ty  T i m e  t o  voltage drop 
{na-  P m 2) (minutes) 

1 
2 
3 
6 
8 

10 
1 2  
35 

N o  break 
I 1  I 1  

I 1  I 1  

150 
118 
106 
114 
125 

The t ime v s  current densi ty  curve appears t o  drop s teeply,  g o  through a mini- 
mum at about 10 ma/cm2, and then  rise again gradually. However, t h e  picture 
is obscured by f luctuat ions in  t h e  voltage due t o  t h e  growth, breaking off and 
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resumed growth of dendrites.  This method should b e  capab le  of differentiating 
between t h e  dendrite arresting abi l i ty  of different mater ia ls ,  but it wi l l  have t o  
b e  refined before it c a n  serve  this purpose. 

Reaction and  Diffusion of Silver Ions in Separators 

The radioact ive t racer  study of t h e  reaction of separator  material  with AgzO 
disso lved  in  31% KOH h a s  been  completed with t h e  tes t ing  of nine separa tors  
including six modified cel lophanes , inert  microporous plastic materials and  
a modified poly (methacrylic acid)  membrane. 
and  react ion ra te  measurements have been descr ibed  i n  the  Fifth Quarterly 
Progress Report. 

The test procedures for diffusion 

Modified Cel lophanes 

Two samples of PUDO-300 cel lophane were t rea ted  in  solut ions of gelat inizing 
a g e n t s  t o  a l te r  the surface pore structure. One sample w a s  soaked  2 hours in 
207'0 ZnC12 solut ion and t h e  other w a s  soaked 1 hour in 207'0 Alz(S04)3 solution. 
The ce l lophane  t rea ted  i n  ZnClz reac ted  more slowly with d isso lved  AgzO than  
untreated cel lophane.  The half t i m e  of the  react ion ( the t i m e  required t o  reduce 
t h e  d isso lved  s i lver  content  of t h e  tracer solut ion t o  one-half t h e  in i t ia l  con- 
centration) w a s  1. 2 hour compared t o  0 .8  hour for untreated PUDO-300 cello- 
phane. The sample t rea ted  with Alz(S04)3 w a s  extremely brit t le when dry and  
tended  t o  dis integrate  a f t e r  soaking a few hours in 31% KOH. The half t i m e  of 
t h e  react ion with AgzO disso lved  in  3170 KOH w a s  0 .5  hour. This react ion rate  
w a s  consfdcrably f a s t e r  t han  tha t  of any other cel lophane tested i n  this  inves- 
t igat ion.  The resu l t s  obtained with buih these materials a r e  shown i n  Figure 1 
i n  which the fraction, A/A,, of t h e  original AgzO concentration remaining un- 
t rea ted  a f te r  e a c h  interval is plotted vs  t i m e  of contact  of t h e  separator  sample 
with t h e  t racer  solution. 

Reaction ra te  and  diffusion tests were carr ied out on two samples  of silver- 
t r ea t ed  ce l lophane  (C - 19 - 300 and C - 19 - 6 0 0 ) ,  suppl ied by NASA - Goddard. 
As shown i n  Figure 2, both t y p e s  reacted with d isso lved  A g 2 0  at nearly identi- 
cal r a t e s ,  t h e  half-Time being 1 .05  hour for both separators.  In diffusion tests 
nei ther  separator  permitted diffusion of d i s so lved  A g 2 0  at a rate  large enough 
t o  measure.  

PUDO-300 cel lophane which had been t rea ted  with hydroquinone t o  inc rease  
oxidat ion r e s i s t ance  reac ted  with d isso lved  AgzO at a slightly slower ra te  than  
untreated cel lophane as shown in Figure 3,  The half t i m e  of t h e  react ion with 
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hydroquinone (HQ) t rea ted  cellophane w a s  0 .95  hour. 

Cellophane containing glycerin w a s  t rea ted  with tolylene di isocyanate  and 
its ra te  of react ion with d isso lved  AgzO w a s  measured and  compared with that  
of glycerin-free cel lophane which had been t rea ted  in  the same way. Both 
materials reac ted  almost completely with t h e  Ag,O d isso lved  in  t h e  t racer  
solution i n  6 t o  10 hours. A s  shown i n  Figure 3, t h e  cel lophane which init ially 
contained glycerin (TDI- 2) reacted somewhat f a s t e r  at t h e  beginning of t h e  
test (half t i m e  1.15 hour) than  did glycerin-free cel lophane (TDI- 1) (half t i m e  
1.9 hour). 

PMA Membranes 

Previously reported resu l t s  on t h e  extent of t h e  reaction of d i sso lved  Ag,O in 
PMk meilibranes indicated that  t h e s e  separators had only a limited capabili ty 
of preventing migration of s i lver  by reactiz9 with s i lver  ions.  In  order t o  in- 
c r e a s e  t h e  probability that  s i lver  ions would react in t h e  membrane before 
diffusing through it, a portion of t h e  s tarch pore-former w a s  deliberately retained 
i n  t h e  porous polyethylene b a s e  material in which t h e  methacrylic acid-divinyl 
benzene  mixture w a s  subsequent ly  polymerized. The behavior of t h i s  modified 
PMA membrane in  contact  with AgzO dissolved in  31'7'0 KOH indicated that  t h e  
s ta rch  reac ted  slowly with t h e  s i lver  ions and eventual  1 y removed most of t h e  
s i lver  from solution. After one day in contact witn t h e  t racer  solution t h e  0 .25  
gm separator  sample had reacted with 307'0 of t h e  d isso lved  AgzO and w a s  con- 
tinuing t o  react  after six days  when t h e  solution act ivi ty  (Ag20 content)  w a s  
only 20'7'0 of t h e  original value,  

Microporous Plast ic  Separators 

Of t h e  two microporous p las t ic  separators which were tested, t h e  porous poly- 
e thylene (MIPOR 12 CN) w a s  apparently not inert in  t h e  t racer  solution. 
act ivi ty  of t h e  solution decreased  fairly rapidly during t h e  f i rs t  24 hours of 
t h e  test a n d  then remained nearly constant.  The d isso lved  AgzO content of 
t h e  solut ion had decreased  t o  787'0 of init ial  after 24 hours but after 42  hours 
t h e  AgzO content w a s  s t i l l  7570 of t h e  init ial  value.  
pore-former (starch) in t h i s  separator  w a s  probably responsible  for t h e  observed 
uptake of s i lver  ions.  

The 

The presence of residual 

The microporous poly(viny1 chloride) separator (MIPOR 34 CN)  w a s  more inert 
in  Ag20 solut ions in  31'7'0 KOH. 
i n  solut ion had reacted with t h e  separator sample. 

In 48 hours, less than  8'7'0 of t h e  AgzO originally 
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Summary and Conclusions 

1. Ion exchange membranes were made by copolymerizing various monomers 
with methacrylic a c i d  i n  a matrix of microporous polyethylene. Their e lec t r ica l  
res i s tance  va lues  were satisfactory though it w a s  found that  t h e  membranes 
showing the  lowest e lectr ical  res i s tance  were least res i s tan t  t o  oxidative degra- 
dation. A membrane obtained by copolymerizing isopropyl acrylamide with meth- 
acryl ic  ac id  s t a n d s  out in t h i s  class and warrants further attention. 
t o  s t o p  Ag20 diffusion remains t o  b e  tes ted.  

Its abi l i ty  

2. Other ion exchange membranes were prepared by incorporating ion 
exchange r e s i n s  i n  a polyurethane matrix. Their e lec t r ica l  res i s t iv i t ies  a r e  
promising; their  oxidation res i s tance  is intermediate. 

3 .  The tests on cellophane, t rea ted  with antioxidants,  were completed 
with t h e  examination of a hydroquinone t reated sample. Electrolyte absorption 
a n d  retention were sl ightly reduced, e lectr ical  res is t ivi ty  w a s  siigntiy decreased ,  
t h e  swelling in  e lectrolyte  w a s  reduced by t h e  treatment, The oxidation res i s tance  
w a s  greatly improved and  t h e  s i lver  reaction rate  w a s  somewhat slower than  i n  
untreated cel lophane,  The hydroquinone treatment appears  theref ore t o  offer 
severa l  advantages without se r ious  drawbacks. 

4. The samples of s i lver  t reated cellophane submitted by NASA showed 
reduced swelling in  electrolyte (except at -26OC) ,  moderate d e c r e a s e s  in  
e lectrolyte  absorption a n d  retention, and virtually no change i n  e lec t r ica l  
res is t ivi ty  when compared with untreated cellophane. The reaction ra te  with 
d isso lved  Ag20 w a s  modeiately slower than i n  untreated cellophane. 
w a s  no measurable Ag diffusion. 
beneficial .  

There 
Silver treatment appears  therefore t o  b e  

5. Gelat inizat ion of cellophane with z inc  chloride slowed t h e  reaction 
ra te  with Ag,O t o  a moderate extent.  The effect of the  ZnC12 treatment on t h e  
growth ra te  of z inc  dendrites remains t o  b e  tes ted .  

6 ,  Treatment with alum, as  another means t o  reduce t h e  pore size of 
cel lophane,  is unsatisfactory s i n c e  it resu.lts in a ser ious decrease  in t h e  
chemica l  s tabi l i ty  of t h e  membrane. 

7 e Diisocyanate  treatment of cellophane resu l t s  i n  improved dimensional 
a n d  chemical s tabi l i ty ,  and  a moderate increase  i n  e lectr ical  res is t ivi ty ,  
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without any marked effect on the  electrolyte adsorption and  retention. The 
react ion rate  with AgzO is reduced but s i lver  diffusion remains too  s m a l l  t o  
be measured. 
treatment e 

These r e s u l t s  warrant further considerat ion t o  b e  given t o  t h i s  

8. A method for measuring t h e  abi l i ty  of separator  materials t o  r e s i s t  
penetration by zinc dendri tes  is under investigation. When perfected,  it 
should make it poss ib le  t o  a s s e s s  t h e  effect iveness  of separator  modifications. 

Future Work 

1. The evaluat ion of our ion exchange membranes is t o  b e  completed,  

2. The di isocyanate  treatment of ce l lu los ic  mater ia ls  is t o  be perfected. 

3 .  The z inc  dendrite s tudy wil l  be continued, with a view t o  improving 
t h e  r e s i s t ance  of separator  mater ia ls  t o  penetration by dendrites.  

4. W e  wi l l  build si lver-zinc plate s t acks ,  incorporating the most promis- 
ing separator  mater ia ls ,  b a s e d  on t h e  resu l t s  of our screening tests. The 
complete a s sembl i e s  wil l  b e  housed in  containers  which wil l  be  suppl ied by 
NASA. The ba t te r ies  wi l l  b e  submitted to NASA for evaluation. 
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